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(54) IMPROVEMENTS IN THE 

(71) I, THE SECRETARY OF 
STATE FOR DEFENCE, London do hereby 
declare the invention, for which I pray that a 
patent may be granted to ma, and the method 
5 by which it is to be performed, to be particu- 
larly described in and by the following state- 
ment: — 

The invention relates to improvements in 
the manufacture of carbon, and is particularly 

10 concemed with the production of materials 
consisting wholly or predominantly of carbon 
in an activated state and in fibrous form i.e. as 
a filamentj yam, thread or tow or as a woven 
or non-woven cloth. 

15 Activated carbon in granular, powder and 
massive form is well-known and has been used 
widely for, for example, industrial filtration 
and decolorisation, air filtration in respirators 
and air-conditioning systems. The potential ad- 

20 vantages of an activated carbon in fibrous form 
particularly as cloth, are manifold if accept- 
ably high absorbency and strength are obtained 
For example, compared witih a granular filter 
bed an industrial filter formed of thicknesses 

25 of activated carbon cloth offers relatively littie 
obstruction to the transmission of a liquid bear- 
Log contaminants to be exitracted; replacement 
or regeneration of a saturated filter is simpli- 
fied, an activated carbon cloth can be seLf-sup- 

30 porting; and an activated carbon cloth has no 
series tendency to pack down and consolidate 
under vibration with consequent reduction in 
filtration eflSciency. 
HithertOj various attempts to produce useful 

35 activated fibrous carbon have met with little 
success because products have lacked flexi- 
bility, adequate tensile strength and absorb- 
ency. The reasons for this are largely that the 
steps of carbonising (pyrolj^ng) a carbonace- 

40 ous material and activating it normally remove 
a large proportion of the starting material with 
predictably catastrophic results for thin fibres. 
Thus, carbonisation of cellulose by conven- 
tional means often results in weight losses of 

45 around 80% and activation of the carbonised 
material removes a furthetr 70% of the remain- 



MAIsTUFACTURE OF CARBON 

der in forming the desired porous active sur- 
face. 

It has now been possible to produce strong, 
flexible, highly-activated fibrous carbon ~ by 50 
modifying various stages of the carbonisation 
and activation routes. These modifications 
when incorporated in a combined process as 
hereinafteir described can yield an activated 
fibrous carbon with outstanding properties. 55 
Briefly stated, it has been foimd that mech- 
anioal pre-treatment of the fibrous carbo- 
ihydrate starting material combined with the 
incorporaition therein of certain specific Lewis 
acids can give high yields, approaching theo- 60 
retical, of fibrous carbon. The reduced weight 
loss tiius achieved g^ves a carbonised fibre of 
relatively larger cross-section with consequent 
improved strength. Additionally, certain Lewis 
acids increase the carbonised fibre strength 55 
irrespective of the effect due to improved cross- 
seotional area. Furthermore, certain metal 
cations can be incorporated into the carbonised 
fibre to increase the rate of activation and the 
type of active porosity produced and this can 7Q 
result in an acceptably active fibre from which 
only about 30% by weight unactivated of the 
carbonised fibre starting material is lost, again 
achieving overall a stronger active fibrous 
material. By combining some or all of these 75 
treatments it has been possible to produce car- 
bon cloth in which the fibres have a breaking 
strengtfi of at least 40,000 and in some cases 
in excess of 120,000 poimds/square inch, a 
bulk density of about 1 g/ml in which about 80 
50% of die fibre volume constitutes usefully 
aaive pores, and high activities of at least 
50% and in some cases in excess of 120% by 
weight sorbtion of carbon tetrachloride. 

According to one aspect of the present 85 
invention, a process for the production of a 
strong, flexible (as herein defined), activated 
fibrous carbon comprises incorporating into a 
fibrous carbohydrate material from a solution 
(as herein defined) at least one Lewis acid 90 
which is a halide of zinc, aluminium, calcium, 
magnesium or iron, drying the fibrous carbo- 
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hydrate material and flexing the material 
sufficiaady to restore the major proportion of 
any flexibility lost by contact with the Lewis 
add soIutioHj carbonizing the material by 
5 heating to carbonizing temperature in an inert 
atmosphere, and activating the carbonized 
material by contact at an elevated temperature 
with an activating gas imtil the activate ihas a 
carbon tetrachloride sorbency of at least 50% 
10 by weight. 

Throughout the specification and claims the 
term 'flexible' as applied to an activated fibrous 
carbon is used to denote a fibre or fabric which 
is sufficiently deformable to fold bade upon 
15 itself without fracture around a radius of cur- 
vature of 0.5 miJlimetire; and the term highly- 
activated is used to denote an active fibrous 
carbon which can sorb at least 50% of its own. 
weight of carbon tetrachloride. The term 
20 'strong' as applied to fibrous carbon is not 
susceptible of precise definition because of 
the wide variations in stirength attainable with 
fibrous active carbons produced from different 
fibrous carbohydrate starting materials. Thus, 
25 for example, an active fibrous carbon obtained 
from a naturally occurring fibrous cellulose 
such as cotton is inherently much weaker than 
an active fibrous carbon obtained from a re- 
generated cellulose fibre such as viscose rayon. 
30 The term 'strong' is theirefore used generally 
to indicate fibre strengths in the higher regions 
of the attainable strength range, but for vis- 
cose rayon-and cuprammonium rayon-derived 
fibrous carbons can be more closely defined as 
35 a breaking strength of ait least 30,000 pounds 
per square inch. 

The presence of the Lewis add in the car- 
bonisation -process may be ensured by incotr- 
porating the Lewis add in the material to be 
40 carbonised at any stage prior to complete car- 
bonisation, but it is preferable generally to in- 
corporate Lewis adds before any carbonisation 
of the starting material has taken plaaa In- 
corporation of Lewis adds is conveniently 
45 achieved by immersing the starting material in 
a solution (which terms includes a dispersion) 
of the Lewis add and thereafter drying the 
material ao leave the Lewis acid impregnated 
therdn. Alternatively, the Letwis add may be 
50 incocrporated in a precursor of the starting 
material. For example a Lewis add may be ad- 
mixed with a solution of viscose before the 
latter is extruded to form filaments or rayon 
in a predpitating bath. 
55 The preferred method of incorporation is by 
soaking the fibrous carbohydrate material in a 
solution of the Lewis add, but considerable 
care should be taken to optimise the condi- 
tions under which contact with the Lewis add 
60 occurs. Thus it is found that a brief or a 
lengthy contact time — that is the time for 
which the carbohydrate material is wet with 
Lewis acid solution — will generally result in 
good yields of strong carbonised fibrous 



material, but intermediate contact times can 65 
give considerably weaker carbonised material. 
A similar strength variation may be observed 
to accompany variations in drying temperature, 
temperatures of aroimd 50° C. for example 
usually yielding much weaker carbonised 70 
material than temperatures around room tem- 
perature or above 100° C. This variable be- 
haviour varies further between different fibrous 
carbohydrate starting materials and it is gener- 
ally advisable to carry out a few preliminary 75 
tests to ascertain the optimiun treatment far 
a particular starting material. 

Where the Lewis add is incorporated from 
solution, the solution should normally have a 
concentration of between 1 and 30% by wdght 80 
of the Lewis add and preferably 2 — 10% 
by wdght. As a rough guide in this preferred 
range, the amoomt of Lewis add actually in- 
corporated in the cloth approximates to the 
concentration in the solution i.e. a 5% solution 85 
of ziric chloride incorporated about 4% by 
weight of Lewis add into a typical cellulose 
rayon fibre. The temperature and concentra- 
tion of the Lewis add solution are both kept as ■ 
low as consistent with a useful level of in- 90- 
corporation for a reasonable contact time. For 
some coated fibrous carbohydrates, however, 
such as viscose rayon cloths coated with urea- 
roimaiaeiiyde resin to give cnsase-resistance, it 
may be necessary to use concentrations at the 95 
upper end of the range and temperatures of up 
to about 100° C. to achieve adequate incor- 
poration of Lewis add. 

When a fibrous carbohydrate is dried after 
contaCT with the Lewis Add solution it is gen- 100 
erally found that adjacent fibres have weakly 
adhered to one another possibly due to the 
formation of a 'gel' type of structure on the 
fibre surface dining contact with the Lewis 
add solution. The resulting stiffness in the 105 
treated carbohydrate must be largely removed 
by flexing the dried material if good flexibility 
is to be obtained in the activated fibrous 
carbon finally produced. Flexing may be ade- 
quatdy achieved by manual working to restore HO 
suppleness or by a variety of mechanical treat- 
ments in which the material is flexed. A useful 
technique is to draw the fibrous material 
around a smooth surfaced edge so that its 
direction changes fairly sharply and an appro- 115 
priate restoration of flexibiUty is achieved. 

Carbortisation of fibrous carbohydrates hav- 
ing Lewis add incorporated therdn as herein- 
before described can offer high carbonisation 
effidendes ; reduced thermal decomposition 120 
temperatures for the fibrous carbohydrate start- 
ing material resulting in operating economies; 
enhanced strength in the resulting char; and a 
fibrous carbon which has good strength and 
flexibility. At least one of these advantages is 125 
obtainable from any of the Lewis adds defined 
and a given Lewis add may bo selected to 
optimise a desired advantageous effect. Alter- 
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natively in accordance with a preferred fea- 
ture of the mvention, a combination of Lewis 
acids may be used, to maximise the potential 
ajantages of the improved carbonisation pro- 

fiK^%\^'?'^^ *^ y'^ld of carbonised 
hbrc (char) wjU be increased and die thermal 
decomposiaon temperature decreased by die 
Lewis aads alumimum chloride, zinc chloride 
and calcmn chloride. Particularly in the case 
of fibrous.carbohydrates such as ceUulose. it has 
been discovered that the theimal decomposition 
mechanism of die starting material is modi- 
fied by the presence of the Lewis adds to such 



^rr^T dehydration imction is fav- 

oured to give wata- as the primary volatile 
decomposition product together wW^ a S 
yield of char which in favoS^ble drcum^cS 
may approach the theoretical yield ^^'^ 
.^fT'^u;^^^""^ "^"^Sth, combined witii 

of X «y ^'^^^'^^d from 
W • u,^^'! ^"^^ magnesium 

S '''' ^'-^^^^ 

The following table iHustrates the percent 
£ f comparison S 

rton ™ "'^^^ viscose 



15 



20 



25 



35 



40 



Lewis Acid 


Noae 


ZnCIg 


AlBr3 


CaCl^ 


Cloth I 


65.9 


78.6 


84.1 


94.7 


2 


55.9 








3 


40.9 








4 


56,8 


81.8 




93.2 



30 



The Lewis aads were incorporated by immers- 
ing tiie dotii samples in a 10% by wdeht 
aqueous solution of tiie Lewis add (contaim^g 

ZTX ""It T'. P''^^^ hydrolysis) 
and then rapidly. drying the cloth. 

Preferred fibrous carbohydrate materials 
are yams and cloths of regenerated cellulosa 

«i^T!"^^'' "^^"^ cuprammonium 
rayon. The diameter of the ceUulose fibres 
used IS not critical to .the success of the pro- 
cess, but It IS found that the smaller tiie fibre 
diameter die more flexible in general will be 
^e carbonised product. Typically, cellulosic 
fibre diameters of 5-20 microns represent a 
fo? <?nipromise between tensile strengtii and 
f ™bihly in die resulting carbonised fite, and 

noimdly strong and flexible. TTie mediaJsm 
<rf tins tensile strength enhancement is as vet 
^o.va, but It is believed' tiiat the tensile 

pmn^- of metal atoms into die structme of 

Carbonisation of fibrous caitohydrates incor- 
poratrng Lewis aad is carried out by heating 
m an mert atmosphere i.e. in vacuum or I 
atmosphere consisting substantially of any un- 

fr "'"""^^ "^^"^ ^^°^^^> hdium 

Various publications have indicated tiiat die 
properties of die fibrous carbon producS bj 

rLr -.^^ process. Slow heatin? 

rates over wide temperature ranges have S 
eraUy been advocated altiiongh British PaS 



50 



55 



60 



65 



does inicate diat 

?2ToJrrb^Sc£r^^^-^««°-^ 

Sth.^ *^°'-"'^ P^°""«^ i° accordance 
hSw . P'^^' invention, diere is, witiiirTA? 
broad temperature range of 70°— 300° r f 
cno^l temper^e range of betweenV^d 
within 'i^Pf"^"^ "P™ die Lewis add used 75 
tT ?M f^"*, *" ^«°P«-3t^e should be mSn- 

lOT a 40 C. range, and increasing oro- 

Sg elati^Si^^'^T' ^^"^ 80 
loss of ^thT wiAout 
loss of odier valuable properties It has b«>n 
fomid particularly advakageous for ^ 



None 
AlBr, 
AICI3 
ZnCL 



Approxitnate decomposition 
temperature (^C) 
280 
80 
100—180 
200—270 
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The impravement in strength obtained by 
carbonising a rayon cloth ["RaveUo", in the 
form of an undyed and unfinished viscose rayon 
textile cloth suppUed by WiUiam Ewart & 
5 Sons, impregnatsed with Lewis adds by inimer- 
sion for half a minute in an aqueous soluaon 



of zinc chloride (5% by weight) and ammon- 
ium chloride (2^% by weight) foUowed by 
drying at 110^ C. for 20 minutes] with a 
pause in the critical temparature range is ilius- 10 
trated by the following table. 



Carbardsatlcm Conditions Breaking Strength {g) oj 2 cm 
(Heating at 6° C/Minute to 800° C) wide sample of cloth 

^ No pause ^^^^ 

15 30 min. pause at 250- C. 3990 

30 min. pause at 300° C. 3830 



According to a further aspect of the present 
invention, therefore^ a process for tiie produc- 
tion of a strong flexible, highly-acavated 

20 fibrous carbon comprises incorpotrating m a 
fibrous carbohydrate material at least one 
Lewis acid selected from hahdes, especially 
chlorides and bromides, of zinq alunumum, 
calcium, magnesium and iron, carbomsing the 

25 fibrous carbohydrates material by heating m an 
inert atmosphere up to the anatai decompo- 
sition temperature range (as hereinbefore de- 
fined) and maintaining the temperature withm 
the said critical temperature range for at least 

30 fifteen minutes for a 40° C. critical tempera- 
ture range and increasing progressively to at 
least 30 minutes for an 80° C. critical tempera- 
ture range, and activating the carbomsed 
material by contact at an elevated tempera- 

35 perature widi an activating gas until the acti- 
vate has a carbon tetrachloride sorbency of at 
least 50% by wei^t. ^ ^ 

The rate of heating up to the antical tmi- 
perature range is preferably slow and for best 

40 results the rate should not exceed 10° C. nse 
per minute. / » n • 

Activation of the carbonised fibre (char) is 
achieved by heating the char at an elevated 
temperature in the presence of a stream of 

45 activating gas until the desired potrosity 
(activity) is achieved. Activation temperatures 
are between 600° C. and 1000° C. and gener- 
aUy between 700° C. and 900° C. and the 
activating gas is preferably steam or carbon 

50 dioxide. 

According to a further important aspect ot 
the present invention when certain metal ca- 
tions have been incorporated in the car- 
bonised material to be activated, an activation 

55 process of improved efiiciency results manifest- 
ing itself as a significant reduction in the 
energy required to activate the carbonised 
material. This aUows activation to occur at a 
useful rate at the lower end of ±e range refer- 

60 red to herein i.e. 600°— 700° while caus- 
ing a useful increase in rate of activation at the 
upper end of the activation temperature range, 
i.e. 800° — 900° C. Cations which provide tiiese 
desirable effects on the activation process are 

65 cations of lead, caldum, cobalt and barium. 
The cations are conveniendy introduced as 



salts such as the halides, particularly the 
chlorides. Lead cations introduced in the form 
of lead acetate or lead nitrate are also effec- 
tive. . . 

For rapid sorption of gases it is found that 
an activated fibroiis carbon requires to have a 
considerable number of relatively large (on a 
molecular scale) pores rather than numerous 
small pores. This information is not given by 75 
the value of specific surface area for the acti- ^ 
vated material but may be obtained by using 
the activated material as, in effect, a molecular 
sieve and measuring the relative heats of wet- . 
ting respectively of a liquid composed of rela- SO 
tively small molecules such as methanol or a 
liquid having relatively large, moldeules such as 
a liquid silicone fluid. In general, the longer a 
char is in contact with the activating gas, 
steam or carbon dioxide, the greater is the 85 
loss in weight of the char by die pore-forming 
activation reaction. At the same time, the 
average pore size increases vtith increasing 
weight loss. Thus for the most active material 
a high proportion of the original char weight 90 
should be lost, but excessively high weight 
losses can result in large reductions in the 
breaking strength of the treated fibrous char 
and considerably reduce the yield of activated 
product. It has been found that the optimiun 95 
compromise between breaking strength and 
activity for a carbon cloth is obtained at be- 
tween about 40—70% weight loss during acti- 
vation and preferably about 60% by weight 
In accordance with a further feature of the in- 100 
vention, however, where the char to be acti- 
vated has been impregnated with metal cations 
of zinc, aluminium, or iron equally good pro- 
perties may be obtained for weight losses of 
only 20—40% and preferably about 30%. 105 
This increased activity is apparently due to 
a modification of the pore structure of the 
char and is of much practical importance since 
nor only may the duration of the activation 
stage be reduced, but ±e volume activity of 110 
±e activated cloth is enhanced. 

The efEects of various impregnants have 
been described herein with reference to their 
use at various stages of processes for carboni- 
sation and activation in accordance with the 115 
present invention. Lewis acids which offer 
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the best combination of benefits when used as 
the sole Lewis acid additive in a process 
in accordance vnxh the invention are zinc, alu- 
minium and iron. No single impregnant has so 

5 far been found to achieve all the desirable 
effects described, but it will be apparent to 
those skilled in this art that two or more im- 
pregnants may be combined to produce a com- 
bination of desirable effects. 

10 The proportion of impregnated metal cation 
which can be incorporated usefully as a salt 
in to material to be activated is normally be- 
tween 0.1 and 10% by weight and come com- 
monly 1 — 5%. The most convenient method of 

15 incorporation comprises contacting the car- 
bonised fibrous starting material with a solu- 
tion of the metal salt or, altemativelyj so con- 



tacting a precursor of the carbonised fibrous 
starting material e.g. a cellulosic fibre before 
caitionisation. 20 

These two aspects of processes in accordance 
with the present invention will now be illus- 
trated by the following comparative tables in 
which r — 

Table I shows qualitatively the effect of 25 
various metal cation salts on the rate of acti- 
vation by steam on a carbonised rayon cloth 
(a Moygashel [Trade Mark] fabric having 30 
warp and 30 weft fibres per inch, each fibre of 
200 (200) Denier) and Table II iUustrates the 30 
effect of various impregnanits on the yield and 
heats of wetting of an activated carbon cloth 
derived from' the same Moygashel fabric. 



TABLE I 



Impregnant 


None 


AICI3 


FeCl3 


ZnClg 


BaCla 


CaCU 


C0CI3 


PbNOg 


fiffect on 
-rate of 
Activation 


Normal 


+ 


+ 


+ 


-f + . 


-{- + + 


+ + 


+ + + 



35 The activation was earned out at 800° C in a each additional symbol indicates a further 
stream of steam. The symbol + denotes an rate increase of about this magnitude, 
activation rate increase of about 10% and 



TABLE II 



Impregnant 


% Yield at which heat 
of wetting* is 10 cal/g 


(calories/g) 
Heat of Wetting 
at 70% Yield 


Benzene 


Silicone* 


None 


58 


16 


2.5 


C0CI2 


56 






BaQg 


57 . 






PbNOs 


59 






CaQa 


68 




7.5 


FeQa 


70 




10 


ZnCl^ 


73 


28 


12 


AICI3 


73 




15 



A typical Example of a process for the pro^ 
duction of a strong, flexible, highly-activated 
carbon fibre will now be described. 

A viscose rayon cloth [a 'loomstate' i.e. un- 



dyed and non-finished^ cloth with' a plain 
(linen) weave supplied as "Ravello" by Wil- 
liam Ewart and Sons] containing considerably 
less than 2% by weight of si2e and/or finish- 
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ing material was passed into an aqueous Lewis 
add bath containing by weight 6% of 
chloride, 4% calcium chlonde and 2/o am- 
monium chloride. The soaked cloth was re- 

5 moved from the Lewis add bath,^ passed be- 
tween Tolls to remove surplus Lewis aad solu- 
tion and dried by passage through an air 
blown oven at about 100-140° C. The con- 
taa time of the cloth with the Lewis aad solu- 

10 tion— that is the time in the bath plus the time 
the doth remained in damp condition before 
dmng— was arranged to be at least 20 
minutes. After drying the dotli was flexed 
bv passing it over a smooth surfaced ^ge to 

15 achieve a sharp change in direcaon of cloth 
motion and thereby restore the maionty of any 
flexibility lost by the contact wi± the Lewis 

add. , . 

The treated cloth was then passed into an 

20 oven and heated at a rate of 7° C. per nunme 
up to 230° C 'dilO^ C. and maintained m this 
critical range for 15—25 minutes, all heating 
taking place in nitrogen. The material was 
then passed through a furnace in which the 

25 temperature was raised at a rate not exceedmg 
25° C./minute to 780° C. i 20° C. This 
maximum temperature was mamtained for 
15 ifc 10 minutes and the atmosphere dunng 
the heating in the furnace was a stream of car- 

50 bon dioxide activating gas. About 20 A W 
wdght of the clo± was oremoved during acta- 
varion, but little decrease in strengtii resulted. 

The heating programme was earned out m 
the vertical furnace fuHy described and daimed 

35 in our co-pending patent apphcation No. 

^'^Tlie^fibrous active carbon doth obtained was 
flexible, had a calculated tensile strength of 
about 70,000 pounds per square inch and a 
40 very high activity giving a carbon tetrachlonde 
sorbenqr in excess of 100% by weight. 

WHAT I CLAIM IS: — 
1 A process for the production of a strong, 
flexible, (as herdnbefore defined), activated 

45 fibrous carbon which comprises mcorporatmg 
into a fibrous carbohydraite material from a 
solution (as herdnbefore defined) at least one 

~ Lewis add which is a halide of zmc, alumin- 
ium, caldum, magnesium or iron, drying me 

50 fibrous carbohydrate material and flexing the 
material suflidently to restore die major pro- 
portion of any flexibility lost by contact with 
the Lewis acid solution, carbomzmg the 
material by heating to carbonizing temperature 

55 in an inert atmosphere, and activating the car- 
bonized material by contact at an elevated 
tempemture with an activating gas until the 
activate has a carbon tetrachloride sorbency of 
at least 50% by wdght. , . . . • 

60 2. A process according to claim 1 wherem 
the material is carbonised by heating in an 
inert atmosphere up to the critical decompo- 
sition temperature range (as herdnbefore de- 
fined) which extends for between 40° C. and 



80° C. witiiin the temperature limits 70° C. 65 
and 300° C. and maintaining the temperature 
witiiin the said critical temperature range for a 
•time which is at least fifteen liiinutes for a 
40° C. critical temperature range increasing 
progressivdy to at least thirty minutes for an 70 
80° C. critical temperature range. 

3. A process according to claim 2 and in 
which the rate of heating up to the critical 
decomposition temperature range does not ex- 
ceed 10° C. rise per minute. ^ 

4. A process according to any precedmg 
claim wherein the Lewis acid is a chlorine or 
a bromide. 

5. A process according to claini 4 wherem 

the Lewis add is aluminium chloride. 80 

6. A process according to claim 4 wherein 
the Lewis add is iron chloride. 

7. A process according to claim 4 wherein 
the Lewis add is zinc chloride. 

8. A process according to daim 4 wherein 85 
the Lewis add is caldum chloride. 

9. A process according to any preceding 
claim and in which activadon is earned out * 
at between 600° C. and 1000° C, ^ 

10. A process according to daim 9 wherdn vO 
activation is carried out at between 700° C. 
and 900° C. 

11. A process according to any precedmg 
claim and in whidh the activating gas is car- 
bon dioxide. 

12. A process according to any preceding 
claim and in which .the activating gas is steam. 

13. A process according to any preceding 
claim and in which the effidency of activation 
is improved by providing in the carbonised 
material prior to activation cations of lead, 
barium, cobalt or caldum. 

14. A process according to claim 13 and in 
which the cations are provided in the form of 
a halide salt. 

15. A process according to claim 14 where- 
in the halide salt is a chloride. 

16. A process according to claim 13 where- 
in the cations are lead cations provided in the 
f ami of lead nitrate or lead acetate. 

17. A process according to any one of claims 

13 16 and in which the proportion of cation 

incorporated in the fibrous carbon starring 
material is between 0.1 and 10% by weight. 

18. A process according to claim 17 wherem 
the proportion of cation incorporated is be- 
tween 1% and 5% by weight. 

19. A process according to any preceding 
daim and in which die carbonised material is 
contacted witii the activating gas for a period 
suffident to achieve a weight loss of 40—70%. 

20. A process according to any one^ of 

claims 1 15 and in which the carbonised 

material is contacted with the activating gas 

for a period suffident to achieve a weight loss 125 
of 20—40%. , 

21. A process according to any one or 
claims 13 to 20 and in which the cation is^ in- 
corporated by contacting the carbonised 
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material wit±L a solution of a salt priocr to 
treatmeat with the activating gas. 

22. A process according to any one of claims 
13 to 20 and in which the said cations are pro- 

5 vided by being incorporated into the fibrous 
carbohydrate material by contacting it with a 
solution of a salt prior to carbonisation. 

23. A process according to any preceding 
claim wherein the fibrous carbohydrate 

10 material is a fibrous cellulose. 

24. A process according to claim 23 where- 
in the fibrous ceUuIose is a regenerated ceUu- 
lose. 

25. A process according to claim 24 where- 
15 in the regenerated cellulose is viscose rayon, 

26. A process according to claim 24 where- 
in the regenerated cellulose is cuprammonium 
rayon. 

27. A process according to any preceding 
20 claim wherein the Lewis add is incorporated 

into the fibrous carbohj^drate material in a 
proportion between 0.1 and 10% by weight. 

28. A process according to any preceding 
M claim and in which (the said Lewis acid is in- 
25 corporated into the fibrous carbohydrate start- 
ing material by immersing the material in a 



solution containing between 1 and 30% by 
weight of the Lewis acid. 

29. A process according to claim 28 where- 
in- the solution is an aqueous solution. 30 

30. A process according to claim 29 and 
in which an excess of halide ion is present in 
the aqueous solution to prevent excessive hy- 
drolysis of the Lewis add. 

31. A process for the production of a strong, 35 
flexible, highly-activated fibrous carbon sub- 
stantially as hereinbefore described with refer- 
ence to the Example. 

32. Fibrous carbon having a tensile strength 

of at least 40,000 pounds/square inch, a bulk 40 
density of about 1 g/ml in which about 50% 
of the fibre volimie constitutes usefully active 
pores and a carbon tetrachloride sorbenc}' of at 
least 50%> by weight whenever produced by a 
process in accordance with any preceding 45 
claim. 

33. Fibrous carbon as claimed in claim 32 
in lihe form of a woven or non-woven fabric. 

J. V. GOODFELLOW, 
Chartered Patent Agent, 
Agent for the Applicant. 
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